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Abstract

The Bose-Einstein correlation has been observed for pions in deep

inelastic wp interactions at 280 GeV. The importance of non-interference

correlations in the sample of like charge pion pairs and in the sample used

for reference is discussed. The pion emission region is found to be spher-

ical with a radius of 0.46 - 0.84 fm and the chaos factor A is 0.60 - 1.08.
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1. Introduction

This paper presents a study of the Bose-Einstein interference effect in
like charge pions from 280 GeV deep inelastic muon-proton interactions. The
symmetrisation of the wave function of two identical bosons can give rise to
an observable interference pattern. The main feature of this pattern is the
enhancement of boson pairs close in phase space. Its shape depends on the
distribution of boson sources in space and time and on the degree of their

coherence (see [1] for the theoretical review).

The first application of this effect was in astronomy, to measure the
angular size of stellar objects [2]. Later it was re-discovered in pion
spectra from pp annihilation [3] and established as a possible tool to
analyse the space-time structure of the emission region of particles created

in high energy interactions [4-8].

Since then measurements of the size of the pion emission region have
+__
been made in e e [9-12], hadron-hadron [13-15]) and nucleus-nucleus [16]
collisions giving a result of about 1 fm in the former two cases and up to

several fermis in the latter (see ref. [17] for a review).

The pure interference pattern of two charged pions can be distorted
by their mutual electromagnetic and strong interactions and alsc by other
dynamical correlations present in the production. While the first two
effects are important only at small relative velocities, the last is still
not well known and requires careful study. There might be many sources of
such correlations, e.g. resonance production (5], coherence effects [(1,18],

short range correlations induced by the fragmentation etc.

In this paper the first results on the Bose-Einstein (BE) correlations
among like-sign charged pions from deep inelastic lepton-proton scattering
are presented. As in e+e_ interactions, the effects are related to the
hadronisation resulting from the simple parton configuration with the

advantage that the initial parton direction is better known.



The aim of this paper is

a) to isolate the interference effect from other correlations

which are present in hadronic production or are due to the construction of

the non-interfering (reference) sample,
b) to study the shape of the pion source.

In this study we assume that the non-interference correlations are
reproduced by the Lund model [19] and that they factorise in the overall
effect. It should be noted that the Lund model, with suitably chosen

parameters, successfully reproduces many aspects of hadron production in
our data [20,21,22].

2. Parameterisation of the Interference Effect

The most common parameterisation of the BE effect is in terms of
Ap:pi—pj, the difference of the four momenta of two like sign pions. This
can be further split into KP:gi—;j and |AE|=|Ei—Ej| dependences which
probe separately the spatial and the life time distributions of the pion
sources. If the space and life time distributions are independent the

coincidence rate for like sign pion pairs is
-5
I=1+f£ (8p) £, (18], (2.1)

where f1 and f2 are the Fourier transforms of the assumed source distri-
-> - -

bution functions Fl(r) and Fz(t) respectively. Experimentally I is taken

to be proportional to the ratio of like sign pion pairs to pairs from a

reference sample which are assumed to be free from the interference effect.

Two different kinds of functions F1 and F2 have been proposed in

the literature and were used in previous analyses.



For F (F))'
or F, r):
i) a uniform distribution of sources on a disk of radius R [4] oriented

5 5> o
such that the normal to the disk direction is along K:(pi+pj)llpi+pjl, gives

2 2
£, = 4 J[(q,R)/(qR) (2.2)

_}
where at=ﬁxnp measures the source size in the direction of 3 and Jl is the

first order Bessel function,

ii) a Gaussian distribution of gsources on the ellipsoid whose major axis

is oriented in the direction of the initial collision gives

-soi; - ey
f. =e (2.3)
1
where R are the rms values of the Gaussian distributions aleng and

n{T)
perpendicular to the collision axis (i.e. the virtual photon direction)

. Y
and Ap“(T) are the corresponding projections of Ap.

For Fz(t):

i) an exponential decay function with a life time t gives

£, = [1 + (AETY?17T (2.4)

ii) a Gaussian decay function with rms value of < gives

—(AET)”
e

£ - (2.5)

2
There is no physical justification to prefer either of these two
parameterisations of F. or F_. However, the values of R and v have

1 2
different meaning for the two parameterisations and fits to the data can



therefore give different results. 1In particular the parameterisations
involving (2.2) and (2.4) have been proposed by Kopylov and Podgoretski [4]
and have often been used in the analysis of data. It should also be noted
that the above description of the effect is not Lorentz-invariant [6,23].
The variables calculated in the CMS of the initial collision are generally

used.

In practice a simultaneous fit to fl and fz would require high stat-
istics and careful handling of the correlations between the variables (Agz)
and (AEz). Therefore an alternative, and Lorentz invariant, form of the

parameterisation for I is used here [9]:

~2_ 2

I=1+e , (2.6)

where ﬁ2=—(bp)2= Hz-am: and M is the invariant mass of the pion pair.
This parameterisation becomes identical to that given by (2.3), which has
clear physical interpretation, in a system where E2=(ﬂ;)2, i.e. AE=0.
Therefore the parameter R given by (2.6) can be interpreted as the rms
size of the pion sources as seen from the CMS of the pion pairs (where
AE=0).

It has been noticed [18]) (see also [1)) that the functional form (2.1)
implies complete chaos of the pion sources, which need not be the case. For
a given degree of chaos, A (0<A<l), one would expect I=1+kf1f2. There are
also other dynamic sources which can lead to a value of A<l [5]. It is
important to notice that experimental biases can lead to a considerable

decrease of the parameter A (see sect. 3).
In our analysis we use mostly the following parameterisation:

2,2

I =1+ e .7



which has also been adopted in the analysis of the BE effect in ete™ inter-
actions [9-11]1. The energy and momentum variables used in the analysis are

calculated in the CM of the produced hadronic system.

3. Data Selection and Corrections

The data were taken in the M2 muon beam at CERN at an incident muon
energy of 280 CGeV using the EMC (NA9) apparatus which consisted of a double
magnetic spectrometer. The vertex spectrometer (VS) contained a 1 metre long
liquid hydrogen target placed inside a streamer chamber. The scattered muon
and fast forward hadrons enter the forward spectrometer magnet (having a
bending sense opposite to the VS magnet) where the tracks (FS tracks) were
detected and measured in an arrangement of proportional and drift chambers.
Low momentum tracks were detected and measured in the streamer chamber (SC
tracks) whilst intermediate momentum tracks were detected and measured in the
streamer chamber and a system of proportional chambers and drift chambers
positioned to detect tracks with a large bending angle. This apparatus gave
almost complete acceptance for the detection of final state hadrons over the
full solid angle and for momenta greater than 200 MeV/c, giving essentially

4% coverage in the centre of mass frame.

An extensive particle identification system was used. This consisted of
a set of gas Cerenkov counters, filled with neopentane and nitrogen for
identification of hadrons with low and intermediate momenta, aerogel Cerenkov
counters and a time of flight hodoscope system for low momenta and a large
Cerenkov counter filled with neon for fast forward particles. The apparatus,
identification and analysis procedures are extensively described elsewhere
[241].

In order to keep radiative corrections below 20% and also to have good
resolution and acceptance, the following kinematic cuts were used:

Q>4 GeV?, 4<W<20 GeV, 20<v<260 GeV, v<0.9 E . eu'>o.75°

beam



where —Qz is the square of the four-momentum transferred between the
incident and outgoing muons, W is the total CM energy of the final state
hadrons, v and ep' are the energy transferred between the incident

and scattered muons and the scattering angle in the laboratory system,

respectively.

The charged hadrons were selected if they gave an acceptable fit to the
primary vertex (not visible in the SC) which alsc included the beam and the
scattered muon. Those tracks consistent with a V- vertex or with only
secondary vertices were eliminated. In order to reduce a possible back-
ground imitating the BE effect and arising from the double counting of
tracks in the SC and FS systems only tracks measured in the SC were kept.
These tracks constitute about 84% of the total multiplicity and the SC
acceptance covers all except the most forward region of xF(szo.Z). A
sample of pairs of tracks with small relative momentum was examined on the
scanning table and the double counting among such SC tracks was found to be
negligible. The momentum resclution for tracks measured in the SC varies
from 1% at 1 GeV to 20% at 20 GeV. Only tracks with momentum resolution of
better than 20% were kept.

In the selected sample about 50% of the hadrons were identified. The
Lund model [19] predicts the following composition of hadrons in this sample:
ﬂt/Ki/(p+§)=80!9/11. In the momentum regions where particles can be fully
identified the predictions of the Lund model are compatible with the data
[22]. All unidentified hadrons of negative charge were assumed to be pions.
There is a large fraction of protons in the target fragmentation region among
the positive particles. A Monte Carlo study made on the basis of the Lund
model indicates that in the region XF(ﬂ)<—0.2 and at the same time xF(p)>—0.9,
about 80% of such hadrons are protons. Therefore a non-identified positive
hadron was taken as a pion only if XF(ﬂ)>~0.2 or if xF(p)<—0.9 [25]. Here
xF(h) = 2*pﬁMS(h)/w where pﬁMS is calculated using the mass of hadron (h).

Only pions were used in the analysis and the events were required to

have at least 3 charged pions with at least one pair of opposite charges.
+ + - -
The final sample consisted of 17343 events with 60000 (v ,m ), 38300 (= ,v )

+ pu—
and 126000 (v ,w ) track combinations.



All the hadronic distributions which are discussed below were corrected
for acceptance and radiative effects in each bin in the following way:
firstly, a sample of events was ggnerated according to the Lund model [19],
including internal bremstrahlung photons. Each event was then fully
simulated in the EMC-NA9 apparatus taking into account the secondary hadron
interactions, VO decays and photon conversions. The simulated hits in
all detectors were then passed through the pattern recognition programs used
for the data and included the effects of the apparatus acceptance, detector
efficiencies and measurement errors. The signals from the Cerenkov counters
and the 8C film measurements were also simulated. The simulated events were
processed through the same chain of the reconstruction and fitting programs
as used for data. The correction factor, for a given data distribution, is
taken as the ratio of the corresponding distributions, per interacting muon,
from the simulated and the generated samples. The unbiased experimental
distributions were obtained by dividing each measured distribution by the
corresponding correction factor. Figure 1 shows the correction factor as
a function of M  for (ﬂ+,ﬂ+) and (v ,%¥ ) combinations. At small values of
M° the overall correction factor is larger than one due mostly to the
misidentification of pions, to the admixture of tracks from decays and to
secondary interactions of hadrons close to the primary vertex which survived
the cuts applied to exclude them. It should be noted that in taking track
combinations the correction factors are enhanced by about a factor of two

relative to those for single particle distributions.

The effects of track misidentification and of wrong track associations
with the main vertex on the values of A obtained by fitting the formula
(2.7) were investigated in detail, using the sample of events generated and
simulated in the apparatus. Each simulated track was checked to see that it
came from the main vertex and that it had been correctly identified. The
ratio of the unbiased simulated sample (containing only well identified
tracks from the main vertex) to the total simulated sample (representing
the data) was studied as a function of M® for the like-charge combinations.
This ratio was independent of M® with a value of 0.48. This represents a
factor (Ck) which relates the true value of h to that measured in the data:

=A /0.48. Such effects were found not to alter the value of R.
true measured
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4, Results

4.1 Extraction of the Bose-Einstein Effect

The BE effect is searched for in the M° distribution for like gign (LIKE)
s . . ~ . . . + + - - . .
pion combinations. The M° distributions for (v ,m ) and (v ,r ) combinations
were found to be identical within the errors and in the subsequent analysis

the sum of these is used.

In order to extract the BE effect from the LIKE sample a reference
(REF) M~ distribution has to be constructed. The pairs of tracks in the
REF sample should not be subject to the interference effects but should
contain the same kinematic and dynamic correlations as the LIKE sample. The
practical realisation of the first requirement is simple. In addition the
kinematic correlations, due to energy and momentum conservation, can be
reproduced to a good approximation. The most difficult to imitate are the
dynamic correlations. In order to study these the M dependence of the
LIKE/REF ratio are presented using three different commonly used reference
samples where each is corrected with a separately determined correction

factor (see sect.3):

— REF (1): (ﬂ+,ﬂ_) combinations from the same event.

— REF (2): (w+,w*) combinations of pions with random P from the same
event. For each v the momentum is calculated in the CM of the
produced hadronic system and it is decomposed into P, and ;T
relative to the virtual photon direction. Its charge and p“
are kept unchanged but ;T is chosen at random from one of the

other pions in the event.

—- REF (3): LIKE combinations using events with random tracks. The events
are split into three classes according to W: 4 < W ¢ 10 GeV,
10 <« W < 15 GeV and 15 < W < 20 GeV. For each event a refer-
ence event having the same number of positive and negative
pions was constructed. Each track of the reference event was
selected at random and from a different event belonging to

the same class.
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The LIKE/REF ratios obtained with different reference samples are shown
in fig. 2a. Although a rise at small M- is seen for each of the reference
samples there is lack of consistency in the overall normalisation and the
shape of the effect. The shape dependent parameters R and .\ are extracted
by fitting the following function to the ratios:

~2 2

F(RNL,S,N; M%) = 8 (1 + xe” TRy a4 #28) (4.1)

where & takes into account the slow rise of the ratios at large values of

M° and the fit is made in the M~ range from 0 to 2 Gev’. For the sample

REF (1) we exclude from the fit the M range from 0.38 GeV® to 0.58 GeV~
where the contribution from the po is strong. The following shape para-
meters are obtained: R =1.30 % 0.84 fm and A _=1.00 * 0.17, R_=0.47 + 0.12 fm

1 1 2

and k2=0.69 + 0.08, R3=0.55 * 0.03 fm and k3=1.19 + 0.06, where the A values
have been corrected with the factor Ck {see sect. 3) and the parameter & is

in the range 0.08-0.2.

For each reference sample we check the consistency of the non-inter-
fering kinematic and dynamic correlations, in the M’ distributions, between
the LIKE and REF samples. This check is made using the Lund model which
does not contain interference effects [19] where the generated events were
subjected to the same kinematic cuts as the data. The comparison of the LIKE
and REF samples is shown in fig. 2b. For each of the reference samples the
residual dynamic and/or kinematic correlations are seen to be different from
those in the LIKE sample. The sizeable differences at small M° affect the
shape of the BE effect obtained from the data. 1In the case of REF (1) the
differences are seen throughout the wheole M range and they are due to the
two and three body decays of resonances. This is illustrated in fig. 3
which summarises the effects of resonance contributions to the LIKE and
REF 1 samples. With the ratio of pseudo-scalar to vector meson production

set to one the following observation can be made:

1. For the directly produced pions (not from resonance decays}), the
ratio LIKE/REF (1) is a flat, smoothly varying function of ﬁz, as
expected from the model which does not contain the interference

effects.
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2. In the sample REF (1) at small M> the contribution from m, n'

~ +_
and « decays varies strongly with M° and reaches 30% of all (v w )

combinations.

3. 1In the LIKE sample the contribution from n' decays reaches 1l6% at
threshold.

The differences between the LIKE and REF (2) or REF (3) show that the

reference sample depends on the method used for randomisatiocn.

In the following analysis we assume that the correlations seen in
fig. 2b from the Lund model are also present in the data (fig. 2a) and that
they factorise from the BE effect. Hence in the extraction of the BE effect
we divide the ratio LIKE/REF for the data by the corresponding ratio from
the Lund model. The results are shown in fig. 2¢. In spite of the differ-
ences seen separately for the data and the Lund model, these ratios show a
trend which is similar for each reference sample in both shape and absclute
magnitude. The approximate independence of these results from the REF
sample indicates that the method of extracting the BE effect is justified,
i.e. that the BE effect approximately factorises from the other correlations

which are in the Lund model.

The results of the fit of the parameterisation (4.1) to the double
ratio of the data and the Lund prediction in fig. 2c¢ are given in table 1.
As expected these results differ from the results obtained from the ratio
for the data alone. It is also seen that the results of the fit still
depend on the reference sample. These differences can be taken to represent
the residual uncertainties in extracting the BE effect due to the definition

of the reference sample.
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4.2 Background Studies

The results based on REF (1) are sensitive to the amount of resonance
production assumed in the Lund model. For further discussion we choose
REF (3) which is the most randomised sample. However, it should be noted
that we still rely on the Lund model to correct for the differences in
the non-interference correlations in the LIKE and REF (3) samples. 1In
particular, we correct for the n' signal expected in the LIKE sample

at small M.
The following checks were made on the results obtained with REF (3):

1. The same analysis was made using uniquely identified ﬁt
only. For this purpose both the SC and the FS tracks were used,
since the double counting of tracks is unlikely in this case.
The factor Ck was determined to be 0.61 and the results were

consistent with those obtained before.

+ o+ -
2. Using uniquely identified #~, K*, p and p we have checked if the

BE effect is absent in the ratio of

[(r,K)+(w,p)+(K,p)] JICr ,K)+(w,p)+(K,p) ]

same sign opposite sign

The results are inconclusive due to the large statistical uncertain-

ties but are compatible with no effect.

3. Using the simulated events (see section 3) we have checked whether
the BE effect is due to particle misidentification and back-
grounds contributing to the small M region only. The following
sources of possible biases have been considered : n' decay, A+++pﬂ+
with a proton identified as a ﬂ+ and K*t-)l(owrt with the x° decay
vertex taken at the primary interaction point. The results indicate
that for both the LIKE and the REF (3) samples this leads to about
12% enhancement at small M° relative to the corresponding unbiased
samples. However, this enhancement cancels out in the ratio

LIKE/REF (3).
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These checks clearly indicate that the enchancement at small M- in fig. 2c

cannoct be explained by contamination or background effects only.

We have also checked that the coulomb interactions within pairs of LIKE
pions do not modify significantly the M® distribution for which the Gamov

factor [26] was found to vary less than 1.5%.

The experimental resolution in M~ has been estimated from the observed
width of the KO, d(ﬁz) = 0.025 Gevz, and the smearing correction to the
fitted values of R is below 1%.

4.3 Results the Shape of the Emission Region

The results on the possible |AE| - dependence of the effect (see
sect. 2) are presented in fig. 4 and table 1. The results for all pion
pairs and for those with |AE|<0.2 GeV are identical indicating that the

contribution from larger values of |AE| does not modify the effect.

The shape parameters of the BE effect derived from the overall ﬁz
distribution (fig. 2c and table 1) refer to the region of pion sources
averaged over all directions. However, it is possible that the emission
region is highly non-spherical as postulated for example by the colour
string models [26,27] where the string is oriented in the virtual photon
direction and w mesons are emitted over its full length. An estimate of
the longitudinal and the transverse sizes of the string can be made by
selecting pion pairs for which the vector Kp makes an angle smaller or
bigger than 45° relative to the virtual rhoton line. The results are
shown in fig. 5 and table 1. Within the errors there is no evidence for a

significant departure from a spherical shape.

. . . . =2
In a more rigorous approach, instead of using the variable M , one

should investigate the Ap: and Ap; dependence of the effect (see sect. 2).
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Pion pairs were selected from two orthogonal bands in the (Ap", ApT) plane;
between Ap; (ny=0 and Ap; (1y=0-04 Gev’. The ratio of LIKE/REF (3) from the
data divided by the same ratio obtained from the Lund model is plotted in
fig. 6 as a function of Ap; or Ap;. The broken line in fig. 6 shows the
effect expected from the spherical region as determined from the overall M
dependence. The Ap; dependence is in agreement with the values obtained

for all pions while the results on the Apﬁ dependence are inconclusive due

to the large statistical errors.

Comparing our results with those of e+e“ studies reporting on the
BE effect, we observe that the MARK II data [9] from the J/¢ region were
not corrected for the possible differences in non-interference correlations
between the LIKE and the REF (1) samples which were found to be important in
the present analysis. In a similar analysis of the TASSO data [10] at
34 GeV to that presented here, the LIKE/REF (1) ratio was normalised using
the Lund model and the value of h corrected for background. Their A
value is smaller than ours (A = 0.60 * 0.09) while R is the same
(R = 0.76 * 0.12). In the analysis of the PEP-4 TPC data [11] at 29 GeV
an iterative procedure was used to construct the REF (3) sample and its
consistency with the LIKE sample was investigated using the Lund model.
Their value of A was corrected for background (A=0.61%0.05+0.06) and
is consistent with our value while the value of R is somewhat bigger
(R = 0.65 + 0.04 + 0.05). Their results were also consistent with the
shape of the interaction region being spherical. The data from the CLEO
collaboration [12] was taken at an energy of 10.5 GeV. The LIKE/REF (1)
ratio was not normalised with a model and gave the value of R at 0.85 %
0.15 fm and the value of A, corrected for long-lived particle decays,
was 1.45 + 0.25, both consistent with our results. In their experiment

the LIKE/REF (2) ratio gave the same values of the shape parameters.

The above comparison shows approximate consistency of the results from
+ - . . s : - .
e e and deep inelastic interactions. The remaining differences may be
due to the residual non-interference correlations and to the systematic

effects due to backgrounds in the analysed samples.
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5. Conclusions

The Bose-Einstein interference effect has been studied in the M  distri-
butions for pairs of like-sign pions relative to three different reference
samples. The Lund model, which does not contain the Bose—Einstein effect,
was used to study the correlations which affect the determination of the
pion source parameters. We assume that the Lund model correctly describes
such effects and that these factorise from the Bose-Einstein correlations.
With these assumptions the interference effect can be extracted by taking the
ratio of like sign pions to a reference sample from the data and dividing it
by the same ratio from the Lund model. A similar boson interference effect

was observed for all three reference samples.

The results are consistent with a spherical shape for the pion emigsion
region with a radius of 0.46 - 0.84 fm and the supression factor : of 0.60 -

1.08, depending on the reference sample.

The small longitudinal dimensions of the pion emission region observed
here and the large longitudinal distances needed for jet formation as
suggested by the EMC data on nuclear hadroproduction [27] and expected from
models [28] (see also references in [27]) may indicate a space-time ordering
of the hadron momenta within a jet. Such an ordering exists in the Lund
model. If this is the case then bosons which interfere, i.e. the bosons
which are close in phase space can only be found at nearby points in space
and time. This ordering may also induce some coherence and lead to a A

value smaller than one {29].
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Table 1

Parameters R and A obtained from fitting the ratio

[Egﬁg%ET]DATA/[ﬁgég%E?]LUND with the function (4.1) in M~ range
from 0 to 2 GeVz.

Reference Ez R l*) x2
Sample Distribution (fm) (NDF=12)
REF (1) all ¥ 0.84 + 0.03 %) 1.08 + 0.10 +) 12.4
REF (2) all M~ 0.66 *+ 0.01 0.60 + 0.06 12.2
REF (3) all ¥~ 0.46 + 0.03 0.73 + 0.06 20.3
REF (3) for |BE|<0.2 GeV 0.42 * 0.06 0.71 + 0.17 21.8
REF (3) for [aP,|>]ap | 0.52 ¢ 0.11 0.60 *+ 0.19 13.1
REF (3) for lap l<lap, | 0.44 t 0.05 0.71 + 0.12 20.3

%) After C:}L correction

+) The quoted errors are given by the fit where the parameters were found

to be correlated.
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Figure Captions

Fig. 1 The effective correction factor as a function of M- for (v ,71 )

+ + s
and (v ,v ) combinations.

Fig. 2 The ratios of the M~ distributions for like-sign pions and the
three different reference samples which do not contain the
Bose-Einstein interference.

a) the ratios from the data. The parameters of the fitted lines
are given in the text,

b) the ratios expected from the Lund model (191,

c) the ratios from the data divided by the corresponding ratios

from the Lund model. Results of the fits are given in table 1.

Fig. 3 The relative resonance contribution in the M° distribution of like-
sign pions and of (w+,ﬂ_) combinations as predicted by the
Lund model. The uppermost line shows the prediction for the
LIKE/(ﬂTﬂ”)ratio for pions which do not originate from n, n',
po and m° decays. The vertical arrows show the position of the
ﬁz value for p0 and w decays into ﬂ+ﬂ_. The horizontal regions

show the contribution from the decays into 3w.

Fig. 4. The ratio of LIKE/REF (3) from the data divided by the same ratio
expected from the Lund model, as a function of ﬁz. for pairs of
pions whose energies in the hadronic CMS are different by less
than 0.2 GeV. The results of the fit are shown by the solid line
for which the parameters are given in table 1. The broken line
shows the results of the fit to the same ratio for all AE values

(see also table 1).

Fig. 5 The ratio of LIKE/REF (3) from the data divided by the same ratio
expected from the Lund medel, as a function of M> for pion pairs
from the shaded regions. In (Ap“,ApT) plane; a) IApT|>lAp“I,

b) IApTI<Ap"|. The results of the fits are shown by the solid
lines for which the parameters are given in table 1. The broken
line shows the results of the fit to the same ratio for all pion

pairs (see also table 1).



Fig. 6
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The ratio of LIKE/REF (3) from the data divided by the same ratio
expected from the Lund model for pion pairs from the shaded regions

in (Ap“,ApT) plane; the black points - as a function of Ap;
for |Apﬁ]<0.04 Gevz, the white points - as a function of Ap;

for IAP;I<O.024GeV2, The broken line shows the results of the

fit to the same ratio for all pion pairs.
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